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20. cont.
- 
Using these data , we have also determined changes in UT1 and in
the x and y componen ts of polar motion .
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I. Coordinates of the Antenna in Onsala, Sweden

Using  the da ta  ga thered  hrec VJA I~J ( 7 x f ’ t - r i f l I e f l t S  car r ied  out

in September 1977 , February 1978 arid ~tay 1978 , we determined Lhe

coordinates of the antenna in Onsala , Sweden. (See rls ab l( ,  1 f o r
I.

experiment details.)

The processing of the 1636 interferometric group delays i I m V ” L V r - d

three stages. The first consisted of removing group delay aTb i~~-J-

ities and deleting the observations for which there was no si nai

detected (based on a small correlation coefficient and an incensis-

tency wi th other observat ions ) . The second stage , which re .;uired

a large amount of time , involved assessing the level of clock and

atmosphere modelling required for the data obtained at each of the

observing sites. The third stage was the generation of the fit il

solutions in which we obtained estimates of baseline vectors rind

source coordinates using individual and combined data sets.

In all solutions only the group delays were used to estimate

the parameters. The delay rates were used as a means to assess the

quality of the group delay solution. This Procedure was found Lu

be extremely useful in deciding on the level of clock and atmospherc’

modelling required for a given data set. For example , if the addi-

tion of extra clock and atmosphere parameters improved the postfit

residuals of the group delays, w h i l e J eqra d~~nq the  d e lay  r a t e  r e s i u --

uals , then doubt was cast on the reliability of this solution.

Table 2 ~ives 1-he values of the distances between the i nt e l -

~-. e~~ i - ) Q f l  of the a z i m u t h  and e l e v a t i o n  axes of thc’ Onsala i I it ~~~1i n I  and

s i m i l a r  r o f er e n c t ’  po in t s  on the other antennas. The results prt’- 
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sented give values from individual and combined solutions. It

should be noted that the solutions for which the source positions

were not estimated may be biased due to the greater sens~ tivity to

source position errors with Onsala included in the experiments.

The self consistency of these results is gratif ying and ind i-

cates that the forma l standard errors quoted m a y  not be much smaller

than the actual errors. The solution in which all the data were

combined has been accepted as the most reliable since there is less

possibility of clocK offsets being absorbed into the Z coordir,dt .es

of the antenna positions.

From this combined solution , our estimates  of the base l ine

lengths are:

Uaystack — Onsala 5,599,714 .17 8 ‘ 0 . 0 3 4  m

NRAO — Orisala 6,319 ,317 .765 0.037 m

OVRO — Onsala 7 , 914 , 1 3 1 . 2 4 2  0.040 m

These values are bel i~~Ved t e  F e j  r E s e n t  the f i r s t  in L c ’r c o i t inen-

tal distance determinations with sub—decimeter [)recisiOn . ~ore ex-

periments must be performed,however , to assess the repeatability of

the determinations. To assess accuracy at this level , comparisons

would have to be made with determinations based on an independent

and , in pr i nciple , more accurate techni que. Unfortunately, non e

now exist. The best such technique now available is based on Dop-

p ler observations of satellites. Such observa t ions have alreaay

been made (W . E. Carter , private communication) , and when resul ts

become available for these baselines comparisons will be made. 
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111.1 spi’eo l of  1 i q l i t  t i o m i i  2 9 1 , 7 9 2 . 5  kin/so c t~~ 2 9 9 , 792.458 k:;;/Sec ,

t h e  d i i  f - I n , ’ n c i ’ H  be t ween t h es e  v .il , m n - ; ;  and the h - : m g f h s  ( l i ven  in trü s

a r t -  — 0 . 5  a u t c i  — - 0 . h  in. These difi ’€’ rencel- ; ar ( ‘ ino uisis t >-mi t w i t _ h

t he qu ot  <‘d P u m a  I st ; ln ( l a  Ft I e r r o r s  of 0.  5 rim . ‘l’hc earlier report also

q . m V e  L I m e  c oor d i t i . i  n’s of  t lie O n s al a  an t _ enn i . H owever , a comparison

of t l l L ’ m ; e  r e s u l t s  w i t h  t h e  coord ina tes  g iven  iii  t h i s  r epor t  is  not

d i r e c t l y  pos s ib l e  due to i d i f f e r e n c e  in  the ( .issumed ) coord ina tes

ot th e H a y st a c k  ant . e u m n a

The p o st f i t  r e s i d u a l s  fo r  the e x p e r i m e nt s  i n v o l v i n g  the :~or th

Amer j e ll and Onsala  a n t e n na s  ranged f rom 0 . 6  nsec for  the May 1978

c - : f s & ’ r i n e u t t  to 1 . 7  risec for  the September 1977 e x p e r i m e n t .  F i g u r e

I q i v e m - ;  a t y pica l  p o s t f i t  r es idua l  plot for  the May experiment. In

i l l  C , m ~~~ ’s t h e  r a t io of the a j~~ior i  e s t ima te  of the accuracy  of the

o l is er v a t ions to t h e  a p o s ter i o r i  e s t i m a t e  was of the order of 1.2 .

- —--—~~~~~ ~~~~~~~~~~~ — -- .- —~~~—— _ _ _ _ _ _
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II. Determinat ion of Polar M o t i o n  and UT 1 Va r i a t i o n s

In the combined solution , where all observations were used

simultaneously to estimate baseline vectors and source coordinates ,

we were also able to estimate polar motion and UT1 for two of the

experiment dates. The third experiment date was used as a reference

since VLBI can only measure changes in pole position and UT1. All

four stations part icipated in the May 1978 experiment and the 13111

val ues were taken as in i t ial values at th is epoch.

Table 3 gives the d i f f erences be tween our valu es of pole pos ition

and UT1 and the BIH values at the other two epochs. Where available ,

differences deduced from other techniques have also been included

in the table.

The agreement between the different techniques is generall y

good , although in some cases it appears that the formal standard

errors may be smaller tha n the actual errors .

The largest formal standard errors associated with the VLBI de—

termination of pole position are in the y component , which is almost

solely determined by the data on baselines involving Onsala. This

component has not been well determined because we have only limited

data on these baselines in the September and February experiments.

However , when more data become available involving Onsala , we can

expect to have the y component of pole position as well determined

as the x componen t .

The Lunar Ranging values for UT1 ,tre only preliminary and were

obtained from the processing of 2 . 5  years of data from November

1975 to May 1978. The average formal standard error of the results 

- - - - — - —.- - -
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was  ‘-0.5 m i l l i s e c o n d s  ( m s )  of t ime . h owever , the residuals still

show s y s t e m a t i c  t rend s at  the 1 ms level which  are thought  to be

due to deficiencies in  ‘~hs m a t h e m a t i c a l  models used for the lunar

orbit and rotation (R. W. King and D. S. Robertson , private corn-

munication , 1979).
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I I I .  b o l e i ;t i a l  lrn p x ov enu en t s  in t I m e  Del - m t m i i  r i o t  ion of t- o u r ’cc Posit ions

\ ‘LBI obse r~’,m t. i nnS i n v o l v m  imq ()misa la and t I a ’  ~~~m l b  Am e r i c an  an- —

te nn: is , t ecjet  t i e r , i ) O t i ’ f l t i a l ly  y i e l d  s i > j n i f i c a n t  i m p r o v < ’ ; r i - n t s  in t h e

accuracy  of sou m e >  - ~~05 i t i ~rt S CO11I~ s i  red to I Iii’ accu r , i c y  0(211 i ev ib C

w i t h  the N o r ’  h Tc ter i  car ;  a n t e n na s  a l i i i ’ . This  c o n c l u s i o n  is predum i --

n a n t l y  a r e su l t  of the  loncjest  b a s e l i n e  l e n g t h  b e i ng  doubl ed , m u d

its declination increased from 6~~ t,o ll.’O . These changes - l i  t u r d

the improvement in resolution shown in time u--v plane diacjra:n of

F i g u r e  . Also , the %70
0 d i f fe r e n c e  in the  r i q t , t  ascL’s--

sion of the h ays t ack-  Onsa± a and the l l a y s t . ac t ’ -OVRO basel m o - s  me am s

we are able to obtain the right ascension and declination of a

source simultaneously. This , less time will be required observinu

a source to obtain good u--v plane coveraqe.

Unfortunatel y, the number of observations involving Onsala at

this time is still too limited for us to sionificant l y improve the

accuracy of the  source posi t i o n s .  T h i s  s:s ;id~~t ion w i l l  he n o ’ i ied led

when observations from future exp i ’n imo ’mm ts are combined with the

presen t data SO t . 
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I V .  Co n cl u s i o n

T h i s  r epo r t  has shown t h a t  s u b d e c i m e ter  precision can be

achieved on intercontinental distance measurements using VLBI . I t

is now necessary to estab ’ ish if we have achieved the same level of

l ccu r acy .  Compar i son  w i t h  s at o ’H i t e  Dopp ler observa t ions  is one

n~~thoJ of assessing accuracy am id it is u iojx-’ I that th is caiiparison will be possible

soon. A p a r t i a l  a lt e r na t i v e  is to c ar r y  out  f u r t h e r  VLBI experi-

ments involving Onsala. [fl November of t h is year a Mark I I I  experi-

ment using Onsal,i is proposed . This should provide a high quality

data set which cart be compared with the May 1978 solution to obtain

some assessment of Lii > ’ r ep e a t i b i l ity  of the b a s e l i n e— l e n g t h  determi-

nation . This does not provide a full check on the accuracy since

there may he systematic errors , common to all VLBI experiments ,

which are currentl y beinq absorbed into clock polynom ial s, station

coordinates c~tncl source positions.
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‘l’able 1. Summary of VLBI Exper iments  I nvolv ing Onsalaa

Dates 2 1--25 Sept.  77 2 4 — 2 6 Feb. 78 17—19 May 1978

Experiment
Duration (hr) 88e 50 45

Participating Onsala
a 

b 
Onsalaa b Onsalaa bSta t ions  Haysta ck  Haystack Hays tack

NRAOd OvROc OVROc
NRAOd

Number of Group
Delay Observa— 534 272 830
tions

Number of Sources
Observed 10 9 10

Declination Range - 5 . 5  to 2 . 3  to — 5 . 5  to
of Sources (deg)  5 0 . 8  5 0 . 8  5 0 . 8

a 66—ft diameter antenna at the Onsala Space Observatory, Onsala ,
Sweden .

b 120- f t  diameter antenna in Westford , Massachusetts.

C 
130-ft diameter antenna in Owens Valley, California.

d 140-ft diameter antenna in Green Bank , West Virginia .

e Onsala only participated for the final 62 hr of the exper iment .  

-~~ -——~~~~~~~-.—-.—--———— 
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Tab1~’ 3 .  [~ole l~o~~i t i on~~nd UTI Differences Between Estimates fromBIl l , VLI3 I and Other Techniques

VLBI ~~~5
a Dopp ler b 

L~~~
C

24 Feb. 1978
dx component

(m arcsec) —33.6 + 2.2 --19 —60 6 ——
y componen t
(m arcsec) 15.1 ~ 7 . 0  13 6 ± 6 ——

UT1d

(m time sec) — 3.0 ± 0.1 — — — 3 . 2  0.4

24 Sep 1978
dx component

(m arcsec) -8 ’J .3 ~ 7.7 — 62 —53 6 —

dy component
Cm arcsec) - - 4 . 9  9 . 1  — 18 — 2 0  ± 6 —

UT
(m time sec) -- 1.0 i 0.3 — — —1.6 ± 0.4

a In t e rna t iona l  Polar  flotion Service , values obtained by in te rpola t ion
of 0 . 0 5  year smoothed values compiled by D. S. Robertson (NGS ) f rom
the Monthly Notices  of the IPMS. No formal standard errors are
given.

b Naval Weapons Laboratory and Defense Mapping Agency reductions of
Doppler tracking of transit satellites. Values interpolated from
0.05 year smoothed values given in the BIH Annual Report for 1978,
p. 0-13. All values are preliminary.

C Lunar Laser Ranging preliminary values obtained from D. S. Robert-
son and R. W. King (private communications)

d 17 May 1978 taken as reference point; all values initialized to
agree with BIll .
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